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(54) A virtual tributary/tributary unit transport method and apparatus 



(57) A virtual trUxitary (VT) or tributary unit (JU) of a 
selected size is muttiptexed with transport overtiead and 
furttier multiplexed with framing bandwidth of an under- 
lying transport technology for providing a virtual tribu- 
tary/trftxjtary unit plus transport link overhead plus 
trar)sport framing for transport on a selected transport 



technology. This enables individual virtual tributar- 
ies/trixjtary units to be transported with defined line 
overhead and using existing transport technology fram- 
ing. Several examples of underiying transport technolo- 
gies used in conjunction with selected transport formats 
for VT-1 .5 and VT-2 superframes are shown. 





18 




VT-N 


VT-N 


Datastream ^ 


Pay load 


V (A) H 



to 




Transport 
Link Overtiead 
Datastream 



12 



24 



VT-N + Transport Link 
Overhead + Transport 

Framing Bandv/idth 
Functions Datastream 



(C) 



VT-N 
Transport 
Overhead 



28 



(D&E) 



25 



Transport Technology 
Framing Bandwidth 
Functions 



14 



FIGURE 1 



if:.; 

m 



i 



CO 
CO 
00 

CO 
O) 
CO 



CO 



< 



Q. 
UJ 



Primed by Rank XBrot (UK) Business Services 
2.9.7/3.4 



1 EP0693 

Description 

This invention relates to telecommunications and. s 
more particularly, to defining transport of individual vir- 
tual tributaries or trixjtary units. 

Background of tfie Invention 

10 

A problem is that the current deployment of Synchro- 
nous Optical Network (SONEQ/Synchronous Digital 
Hierarchy (SDH) in North America. Europe and else- 
where is primanly limited to routes where optical f i)ers 
exist between communicating SONET/SDH Networic is 
Elements. Due to the cost of installing a f ber optic infra- 
structure, these SONET/SDH routes are found primanly 
between telephone central offk;es where the cost of 
deploying the SONET/SDH optic infrastructure resuHs in 
the greatest benefit. The resiit of this economic reality 20 
is tftat there is a large number of electrical transmisskHi 
links making up tiie telephony access infrastructure, 
whk^h coukf benefit from the additional capabilities pro- 
vided Ijy the SONET/SDH format, but for whfeh the cost 
of replacing the existing electrical transmissfon links with 2s 
optic f foer cannot be cost ji^ied. 

A proposed standard method for electrically inter- 
connecting SONET equipment at the VT 1 .5 level of the 
SONET hierarchy has been suggested by A. Turudw in 
the ANSI T1 Committee Contrbution Document Number 30 
T1X1.5/93-008 dated March 4. 1993. A mechanism is 
there proposed for interconnecting SONET equipment 
Islands witti a copper based network using electrical VT 
1.5 for transport using a CEPT PCM-30 format as the 
electrical interface. A second proposal, using a 1.728 35 
Mb/s electrical interface is shown in Conrvnittee T1 Con- 
trfoution Docunent fslunr4>er T1 XI .5/94/068 dated April 
25, 1994. That proposal specifies a nominal line rate of 
1.728 Mb/S5 using bipolar 8-zero substitution (B8ZS) on 
a balanced twisted pair. Essentially, the DS-lbit rate is 40 
increased significantly to accommodate the NTTI .5 band- 
width. 

However, these proposals are at the sacr^ of 
electrical compatiblity with the existing DS- 
1 infrastructure for increased payfoad and as yet there 4s 
has been no format agreed for transporting incfivid- 
ual virtual tributaries or tributary units, particularly of size 
VT-1 .5 and of size VT-5imj-12. 

Disclosure of Invention 50 

An ot)ject of the present invention is to define a 
method and apparatus for transport of indivkJual virtual 
tnlxjtaries or tritxitary units for various media. 

Another object of the present invention is to provide ss 
a transport technique and apparatus for transporting 
indivxAjal virtual tributaries of size VT 1.5 and tributary 
unltsof sizeTU 12. 
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According to the present invention, a virtual trfoutary 
payload of size VT-N is multiplexed with a VT-N transport 
link overhead signal for providing a VT-N payload plus 
transport link overhead signal whfoh is in turn multiplexed 
with the transport technofogy framing signal, for provki- 
ing a VT-N payload plus transport link overhead plus 
transport technology framing signal. 

In forther accord with the present invention, the size 
VT-N is size VT-1 .5. In such a case, the VT-1 .5 payload 
has a bandwkfth of 1 .728 Mbits. 

In still further accord with the present inventfon, for 
a virtual trtoulary of size VT-1 .5, the transport link over- 
head may have a bandwkAh of 320 kifobits, the transport 
technology beng DS-1 and the DS-1 framing signal hav- 
ing a bandwidth of 8 kilobits. Inthat case, the VT-1.5 pay- 
foad plus transport link overhead plus DS-1 framing 
signal has a binary bandwxith of 2.056 Mbits 16r trans- 
port on a DS-1 line at a temary symbol rate of 1.544 
MtHts per second. 

In accordance ^11 further witti the present invention, 
for a virtual tributary of size VT-1 .5, the overhead signal 
can have a bandwktih of 320 kilobits with HDSL transport 
technology having a framing signal with a bandwidth of 
32 kifobrts. In that case, the VT-1 .5 payload plus transport 
link overhead plus HDSL framing signal has a binary 
bandwidth of 2.080 hJSailts for transport on an HDSL tine 
at a 2B/1Q symbol rate of 1.040 Mbits per second. 

According still further to the present invention, for a 
virtual trtoutary of size VT-1 .5, the transport link overhead 
signal can have a bandwklth of 1 92 kilobits for a transport 
technology that is El , wherein the El framing/CRCfeig- 
naling signal has a bandwkith of 1 28 kilobits. In that case, 
ttie VT-1 .5 payload plus transport link overtiead plus El 
framing signal has a binary bandwKHh of 2.048 Mt^ for 
transport on an El line at a ternary symbol rate of 2.048 
Mbits per second. 

According further to the present invention. SONET 
VT-1.5 payload and overhead is transported in a 500 
microsecond superframe. This superframe is focated 
using a combination of the framing and H4 overiiead. 
The 500 mforosecond SL7}erframe of the prior art is pre- 
served in the present invention and the location of its 
boundaries are defined by the framing word and a mod- 
ified H4 indication. 

According to the present inventfon, the 1.728 Mbit 
bandwidth of the SONET Vr-1.5 is multiplexed into a 
2.056 Mbit total binary bandwidtti for transport c-n a DS- 
1. a2.080 KAHt total binary bandwkith for transport on an 
HDSL linK or a 1.920 Mbit total binary bandwkfth for 
transport on an El link. Some of the bandwkith isdef ined 
few transmission link overhead. This transmission link 
overtiead has capabilities consistent with the overhead 
of other defined SONETIinks. This consistency between 
both the SONET payload and the SONET overhead 
capabilities between existing SONET link fonmats and 
the VT-1 .5 format descnt>ed in th^ disclosure provide tiie 
ability for the cost effective, seamless extensfon of 
SONET capabilities throughout any of the telecommuni- 
cations infrastructure capable of siworting 1 .728 Mbits 
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of payload bandwicfth VT-1.5. Using a combination of 
existing and newdigital transmission techndoges which 
can operate on this existing access infrastructure, there 
are existing facilities in the wortd's telecommunications 
infrastructure which can support such payloads. Specif- 5 
ically, the 2.048 Mbit ITU E1. the 2.080 Mbit HDSI^ the 
coded DS1 format of the invention as disclosed in 
copending application Serial Mo. 08/279.197. as well as 
various optic Units which can handle such payload 
capacities. jq 

Tobedescrft>edin more detail below is a bmiat for 
a VT-1.5 SONET transport fbmnat that may be used 
according to the invention. The format uses a 500 ^sec 
superframe of four franDes, each frame organized on a 
column comprising underlying transport technology is 
framing, VT-1.5 link overtiead and SONET VT-1.5 pay- 
load compr^ing 24 channels, plus VT overhead and 
pointer. The frames are illustrated in four side-by^e 
columns, with the framing first then the link overhead 
and folbwed by the payload. Each frame has five bytes 20 
of link overhead and 27 bytes of VT 1.5. The bytes can 
be transmitted top to bottom for each column 1-4. Of 
course, other organizations of the frame are possit)le. 

The invention thus provides a format which can 
transport an intact SONET VT-1.5 along with SONET 2s 
transmission link overhead on a selected electrical or 
optical digital transmisskm link. The definition of this VT- 
1 .5 format for the telephony access environment, espe- 
dalty the exmting electrical infrastructure capable of sup- 
porting DS1. E1 and HDSU will allow the extension of 30 
the SONET environment, arxi its additkxial capabilities, 
throughout almost the entire existing electrical (and opti- 
cal) telecommunications infrastructure^ 

In further accord with the present invention, the size 
of the virtual trftxitaryAributary unit is size VT-2nil-1 2. 35 

In still further accord witii the present invention, the 
virtual trftxitaryAributary iviit VT-2ATU-1 2 datastream has 
a bandwidth of 2.304 Mbits. 

According still further to the present invention, the 
VT-2mJ-1 2 transport link overhead signal has a t«nd- 40 
widtti of 256 kik}bits, the transport technotogy is El. and 
the E1 framing signal has a bandwklth of 128 kOobils, 
wherein the VT-2mJ-1 2 payload plus transport fink over- 
head plus El framing signal has a binary bandwidth of 
2.688 Mbits for transport on an El line at a ternary sym- 45 
bol rate of 2.048 Mbits per second. 

In accordance still further vnfh the present mention, 
the VT-2nil-12 transport lirik overhead signal has a 
bandwidtii of 256 kik>brts, the transport technotogy is 
HDSL, and the HDSL frairu ng signal has a bandwidth of so 
32 kilobits, and wherein the VT-2mj-12 payk>ad plus 
transport link overhead plus HDSL franing signal has a 
binary bandwidth of 2.592 MbHs for transport on an 
HDSL line at a2B/1Q symbol rate of 1 .296 MbHs per sec- 
ond. 55 

Thus, similar to the case for VT-1.5S, according to 
the present invention, the 2.304 Mbit bandwklth of the 
SONET VT-2/SDH TU-12 is mapped into an existing 
transmission bandwktth of suffk^ent capacity for trans- 



porting indivkJual tritujtary units of size TU-12. Additional 
bandwktth is defined, according to the underlying trans- 
port technology used, for transmisskm link overhead. 
This transmisskKi link overhead has capabilities consist- 
ent with the overhead of other defined repeaterfess 
SONET/SDH links. This consistency between botti ttie 
SONET/SDH payload and the SONET/SDH overhead 
capabilities between existing SONET/SDH link formats 
and the VT-2mM2 format described in tttis disck)sure 
provkie the ability for the cost effective, seamless exten- 
sion of SONET/SDH capabilities tiiroughout any of the 
telecommunications infrastructure capable of supporting 
the required payk>ad bandwktth. Using a combination of 
existing and new digital transmissk>n technotogies which 
can operate on th's existing access infrastructure, there 
are existing facilities which can support such payloads. 
Specif icaUy, the coded El forrnaX of the invention as dis- 
closed in the above-mentioned copencfing application, 
optic links and HDSL each of which have the required 
payload capacity. 

To be desaibed in more detail below is a transport 
fbmiat for VT-2 SONET/SDH according to the present 
invention. The bytes are arranged in a 500 (isec sif>er- 
frame similar to the abov&described VT-1 .5 siperframe 

and are also transmitted top to bottom for each 125 iisec 
franmin columns 1-4. 

Thus, as for the case of virtual trtxitaries of size VT- 
1.5, according further to the present invention, 
SONET/SDH VT-2mJ-12 payload and overhead is 
transported in a 500 microsecond superframe. This 
superframe is located using a combination of the framing 
and H4 overhead. The 500 mterosecond superframe of 
the prior art is preserved in the present invention and the 
location of its boundaries are defined by ttie framing word 
and a nxxiified H4 indication. 

Thus, tiie present invention also describes a format 
whk;h can transport an intact SONET/SDH VT-2mJ-12 
payload along witti SONET/SDH transmfesion link over- 
head on an electrical or optical dgitat transmisswn link. 
The definition of this VT-2mj-1 2 format for the tel ephony 
access environment, especially ttie existing electrical 
infrastructifl-e cap^le of sif)porting El and HDSL, will 
allow the extenskxi of ttie SONET/SDH environment, 
and its additional capabilib'es. ttiroughout almost ttie 
entire existing electrical (and optical) teleconvnunica- 
tions infrastructura 

Specifk: benefits of ttie SONET VT 1.5 ani 
SONET/SDH VT-2/TU-1 2 transmission fomiats are: 

1. Theabilitytotransportacomplete, unmodified VT- 
1.5 or VT-2mj-12 payload along witti its overhead 
and pointer (V1-V8). 

2. The ability to carry SONET or SONET/SDH syn- 
chronization information, as well as synchronization 
quafity messages (ttiis is not currentiy possible using 
DS1 or El signals which have traversed 
SONET/SDH transmissfon links). This is possible 
because ttie SONET VT-1.5 or SONET/SDH VT- 
2mj-1 2 pointer mechanism is extended ttirough ttie 
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transmission link and therefore the link line rate can 
be referenced to the local, high quality, SONETySDH 
network element dock. 

3. The ability to support the SONET/SDH pointer 
mechanism. 

4. The ability to sipport SONET/SDH compatible 
transmission link and path performance monitoring 
information. This includes link BIP-2 and link FERF 
as wen as link RDI. 

5. The ability to SLf)port an OAM&P channel, com- 
monly known in SONET/SDH as the DOC channel. 

6. The ability to support a user defined channel or 
an ordenwire channel. 

7. The ability to support the H4 Multiframe indication 
necessary to locate the 500 microsecond VT-1.5 or 
VT-2mJ-12 superframa 

8. The ability to support Automate Protectfon 
Switching channet(s) (K1 or K1/K2). 

9. The ability to support a link trace (J1). 

These and other objects, features and advantages 
of the present invention will become more apparent in 
light of the following detailed description of a best mode 
embodiment thereof, as illustrated in the accompanying 
drawing. 

Brief DesCTiotion of the Drawing 

Rg. 1 shows an apparatus, according to the present 
irrvention, for provkJing an individual virtual tributary 
(or tributary unit) plus transport link overhead plus 
transport technology framing bandwkfth functions in 
a dafeastream. 

Rg. 2 describes the signals shown in Rg. 1 for the 
case where a virtual trSxrtary of size VT-1.5 is 
assembled for transport on various underlying trans- 
port techrK)logies, according to the present inven- 
tion. 

Rg. 3 shows a spedfk; example taken from Rg. 2 of 
the signals of Rg. 1 for DS-1 transport tectvx>fogy. 
according to the present invention. 
Rg. 4 shows the relation between Rgs. 4a and 4b. 
Rgs 4a and 4b together show a 500 microsecond 
VT-1 .5 superframe, according to the present inven- 
tion. 

Rg. 5 shows a method, according to the present 
invention, for providing a VT-N payload plus trans- 
port link overhead pli^ transport framing bandwidth 
fuKtions in a datastream. according to the present 
invention. 

Rg. 6 shows a verification of alignment of VT-N for- 
mat of tfw present invention with the framebourxlary 
of the underiying transport technology, according to 
the present invention and correction thereof, if not 
aliped. 

Rg. 7 shows a table similar to Rg. 2 except for a 
virtual tributary off size VT-2 (which is the same as a 
tributary unit of size TU-12) and which, according to 
the present invention, can be transported on various 
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krKMm underlying transport technologies including 
El and HDSL 

Rg. 8 shows the relation between Rg& 8a and 8b. 
Rgs. 8a and 8b together shm a 500 microsecond 
VT-2nil-12 superframe, according to the present 
invention. 

Rg. 9 shows another apparatus, similar to that 
shown in Rg. 1, for provkling a VT-N/TU-M payfoad 
plus transport overhead plus transport framing 
datastream signal for being transported as indrvklual 
virtual tributaries^butary units with defined trans- 
port overtiead and underlying transport technology 
framing. 



15 Best Mode for Carrying Out the Invention 

Rg. 1 showsmeansfortransportinganindivklualvlr- 
tual tributary (VT) of size N (N), according to the present 
invention, as having three conponents, i.e., a payfoad 

20 component 10, a transport Rnk overhead component 12, 
and a transport framing bandwkfth corrponent 14 asso- 
ciated with the underiying transport technology. *Virtual 
tributaries", as defined by ANSI Specrffoation T1.105, 
have their counterparts in trixjtary units", as defined by 

25 CCmr. A VT-2 is the same as a TU-12, for eocarrple. 
Although Rg. 1 uses the VP nomendatore, it should be 
understood that the description applies to tributary units 
(TUs) as well. The VT-N payfoad 10 is provided as a VT- 
N datastream on a line 1 6 to a multijplexer 18 that muHi- 

30 ^BXBS the VT-N datastream on the line 16 with a VT-N 
transport overhead signal on a line 20. The multiplexer 
18 provkies a multiplexed VT-N plus transport link over- 
head datastream signal on a line 22 to a second multi- 
plexer 24 tfiat is also responsive to a transport 

35 technology framing signal on a line 26 for providing a VT- 
N payload plus VT-N transport link overhead plus trans- 
port framing signal on a line 28. Two examples of VT/TU 
sizes that can fc>e used, aoconfing to the present inven- 
tion, are given below but it should be realized that the 

40 invention can apply to other sized virtual tributaries and 
tributary imits as well. 

Rg. 2 shows how three different transport technolo- 
gies can be used to transport a virtual tritxitary of size 
VT-1.5 (TU-II). The table shown in Rg. 2 is arranged in 

46 Six columns, the leftmost of whfoh lists the three under- 
lying transport technologies that are Illustrated, accord- 
ing^to the present invention, for transporting VT-1.5 
*- virtual tributaries: The next column is labelled "E* and 
corresponds to the transport symbol rate of the signal on 

50 the line 28 of Rg. 1 for each of the tiiree technologies. 
The next column, labelled "A" shows the VT-1.5 band- 
width.plus payload pointer bandwidtti conresponding to 
tile signal on the line 16 in Rg. 1. The next column is 
labelled "B" and lists the SONET transport overhead 

55 bandwidth provided on the line 20 of Rg. 1 . The next col- 
umn, labelled "C Usts the various transport frannng 
bandwidths for the underiying technologies provided, 
according to the preserrt invention and corresponds to 
the signal on the line 26. for being input to the mult^exer 
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24 with the combined bandwidth listed in columns A & 
B. The total binary bandwidth (which is usually not trans- 
ported in binary form) is listed in the rightmost column 
labelled "D" for the three underlying transport technolo- 
gies and corresponds to the sl(^ on the line 28. 5 

As a concrete exanple selected from the first row of 
Fig. 2 as applied to Fig. 1 , Rg. 3 shows a use of an under- 
lying DS1 transport technology, according to the present 
invention. A VT1 .5 paytoad 10a is shown in Fig. 3 being 
provided as a VT-1 .5 datastream on a line 16a having a 10 
bandwidth off 1 .728 Mbrts. corresponding to the payload 
off VT-1 .5 virtual tributaries, i.e., each tributary having 27 
bytes per fframe, for a total off 1 08 bytes intended as part 
off a 500 microsecond VT-1.5 superframe to be formed 
by multiplexers 18a, 24a in cor^'unction with transport is 
overhead and frarrang functions. 

Fig& 4a and 4b together show such a 500 microsec- 
ond VT-1 .5 superfraiDe, according to the present inven- 
tion, for being carried on one of the underlying transport 
technotogies listed in Fig. 2. Such would be provided by 20 
the multiplexer 24a of Fig. 3 on a line 28a as a datastream 
organized as shown in Rgs. 4a and 4b transported 
beginning with frame 1 from top to bottom and continuing 
through frames 2-4 in the same manner. 

It will be otiserved that the frames off Figs. 4a and 4b 2s 
are broken into three distinct groups having diffferent con- 
tent as listed in the rightmost column. These diffffererrt 
content groups comprise SONET VT-1.5 payload such 
asthepayload 10a of Fig. 3 provided on the line 16a, VT- 
1 .5 link overfiead such as tiie VT-1 .5 transport overhead 30 
12a 0^ Rg. 3 provided on the line 20a to the multiplexer 
1 8a, and framing such as the DS1 fransport technology 
fframing bandwidth provkled as in a bfock 14a off Fig. 3 
and as further provided on a One 26a to the multiplexer 
24a. 35 

The operation off the devfoes off F^. 3 are such that 
the VT-1 .5 payload provkled as a datastream on the line 
1 6a is mul^exed with the 320 kifobits of transport over- 
head shown in the DS1 row of Fig. 2 in the column 
labelled "B" and in the middle content group of Rgs 4a 40 
and 4b labelled "VT-LS link overhead." This results in 
VT-1 .5 payload plus transport link overhead being nuitti- 
plexed into a combined datastream on a line 22a pro- 
vided to the nujltiplexer 24a for further multiplexing with 
eight kitobytes off framing from the underlying DS1 trans- 4s 
port technology. As known in the art DS1 transport tech- 
nofogy is organized in 193 bit fframes off 125 
mk:roseconds each. The 1 93rd bit is a framing bit while 
the other 192 bits are payfoadcarrykig 192 data bits, nor- 
mally ananged as 24 84Nt bytes or channels. The DSl so 
transport technofogy is an accepted building block in 
North America and elsewhere and transports infrMtna- 
tion at tiie basic rate off 1 .544 Mbrts per second (ternary) 
which also corresponds to a binary bandwidtti in the prior 
art off 1 .544 Mbits. According to the invention shown and ss 
descrfoed in connection with copending appGcation 
Serial No. 08/279.197 the VT-1.5plus transport link over- 
head datastream on the line 22a can be encoded accord- 
ing to a four binary bit/Hiree ternary bit coding scheme 



(4B3T) and multiplexBd with the eig^ kilobits off DSl 
framing on the One 26a encoded according to a separate, 
one binary bit/one ternary bit (1B1T) coding function in 
order to provide a total 2.056 megabits of total binary 
bandwidth on tiie line 28a. According to that mettKxj off 
encodement and multiplexing, ttie individual frames of 
Rgs. 4a and 4b will each be wholly contained within a 
DSl frame. That patent applfoation. particularty R^. 8- 
13 and tiie accompanying text thereof is hereby 
expressly incorporated by reference for background. 

Referring back to Rg. 2, a spedf'c example of a DS1 
transport format used to transport individual VT-1 .5*8 has 
been shown in connection with Fig. 3. Similar examples 
oouki be given fr)r utilizing underiying HDSL or El frans- 
port technofogy but. using the teachings hereof, such 
wouM be evident to one off skill in the art and will not be 
repeated here. 

Reffening now tothe method off Fig. 5. according to 
tiie present invention, the apparatus of Rg. 1 can also 
be represented as a method of providing a VT-N plus 
fransport link overhead plus transport framing bandwidtti 
of the underiying fransport technofogy on the line 28. As 
shown in Rg. 5, such a method comprises a repetitive 
decision as represented in a dectsfon block 30 wherein 
it is determined whether the next data to be output on 
ttie line 28 of Fig. 1 is framing of the underlying transport 
technology, or SONET VT-N transport overhead or 
SONET VT-N payfoad. If paytoad. a step 32 is executed 
in which the next VT-N payload bit is provided onto the 
output datasfream on the line 28 of Rg. 1 . If the decision 
block 30 determines that the next data to be output is 
transport technology framing, a step 34 is next executed 
in which the next framing bit is obtained and provided on 
the line 28. Similariy, if step 30 detemrunes that the next 
data to be output is transport overhead, a step 36 is exe- 
cuted in whfoh a next VT-N transport overhead bit is out- 
put onto the datasfream on the line 28. As illu^rated in 
Fig. 6. in general, the frame boundaries off the fransport 
technology must be aligned with ttie VT-N format. This 
is shown being verified in a step 38 and. if not aligned, 
oon-ected in a step 40. This may be can-led out by hard- 
ware, softwareoracombinationttiereof as will be evident 
to one of skill in ttie art 

Tuming now to Fig. 7, a table similar to ttie table of 
Fig. 2 is shown except for a virtual tributary off size VT-2. 
It shoukJ be understood that ttiis same virtual trbutary 
size is used in Europe under ttie nomenclature Tributary 
UniT off size TU-12. The table of Rg. 7 shows ttie possi- 
bility of using two existing underlying transport technol- 
ogies for fransporting a VT-2mJ-1 2 organized as shown 
in Figs. 8a and 8b, for example. It should be realized ttiat 
ttie precise organization shown in Figs. 8a and 8bi as 
well as Rgs. 4a and 4b. can be changed around accord- 
ing to design cffioica However, the overall structure and 
capability of frxjr frames of trfoutary units or virtual trib- 
utaries in a four frame superframe with urxiertying tech- 
nology framing, link overhead and payload will be ttie 
same. 
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The table of Fig. 7 should be viewed in conjunction 
with Rg. 1 whichagainshowsthesamelettersA-E which 
are represented in the ooliKnns of Rg. 7 in the same way 
as in Rg. 2. Thus, for an underlying El transport format 
the transport symbol rate is 2.048 Mbits (ternary) on the 5 
line 28 of Rg. 1 . This may carry a total binary bandwidth 
of 2.688 Mbits according to the same special codng 
technique descnbed in the copending applicalion men- 
tioned above, especially in connection with Rgs. 8. 10, 
12-15 thereof and the accompanying text which are w 
hereby incorporated by reference for backi^nd. 

The third column of Rg. 7 shows the VT-2 payload 
on the line 1 6 of Rg. 1 as comprising, for E 1 , 2.304 fttoits. 
The SONET transport overhead bandwidth column (B) 
forEI shows 256 kbits and would be provided on the line is 
20 of Rg. 1 to be multiplexed with the payload of column 
A on the line 16 in the miJtplexer 1 8. The combined VT2 
and transport link overhead on the line 22 of Rg. 1 is 
multplexed with 128 kilobytes of El transport fram- 
ing/CRC^stgnaling bandwidth as shown on the line 26 of so 
Rg. 1 thereby providing the VT2 plus transport link over- 
head plus transport framing bandwidth on the line 28 of 
Rg. 1. 

A description using an underlying HDSL transport 
format for transporting virtual tributaries of size VT-2 or 2s 
tributary units of size TU12 in a similar manner as the 
above descrtoed use of El transport technology wfll not 
be given here as such will be evktent to one of skill in the 
art using the teachings hereof. 

As just mentioned, according to the present inven- 30 
tion, the 1 .728 Mbit bandwidtti of a SONET VT-1 .5 virtual 
tributary may be multiplexed into a 2.048 Mt^ transmis- 
sfon bandwidth such as shown in the lower part of Rgs. 
4a and i.e., corresponding to a VT-1 .5 shown in four 
frames arranged as colurTYis and occupying 27 rows cor- 35 
responding to rows 6-32 in Rgs. 4a and 4b. Rgs. 4a and 
4b are just an illustratfon of one way to map a VT-1.5 
virtoal tributary into a 500 microsecond superframe of 
2.048 ^/b^t bandwkith. The addKional 320 kik>bytes are 
defined for transnussion link overhead. In other words. 40 
the organization of the superframe need not be as 
shown, the main point being ttml a SONET VT-1 .5 trans- 
port fonnat is rnultiplexed into a transrnssfon bandwkith 
with link overhead having capabilities consistent with ttie 
overhead of olher defined SONET links. This consist- 45 
ency between both the SONET paytoad and the SONET 
overhead capabilities between existing SONET lir^ for- 
mats and tiie VT-1.5 fonnat shown in Rgs. 4a and 4b 
provkles the ability for a cost effective, seamless exten- 
sbn of SONET capabifrties throughout ttie telecommu- so 
nications infrastructure capable of supporting such 
payfoad bandwkftti. The bytes shown in Rgs. 4a amd 4b 
may but need not be transmitted top to bottom for each 
column 1-4. 

Rom tiie foregoing it shouM be realized that the ^ 
invention descrbes a framed fomnat wNch is capable of 
transporting two sets of telecommunrcations information 
sets. The first being an intact SONET VT-1 .5, including 
the SONET VT-1 .5 pointer and other SONET VT 1 .5 patti 



overhead bytes. This first set of infwmation is the pay- 
load of the VT-1.5 transport format descrbed in this 
specifk»tion and represents the payfoad whk^ is 
intended to be delivered between the ends of the whole 
SONET VT-1 .5 path. This fonnat exists in the art and the 
format itself is not the subject of this invention. This spec- 
if kation does discfose and daim. however, with respect 
to the existing SONET VT-1 .5 formal the insertion of this 
SONET VT-1 .5 in the various bandwWths shown herein. 
The second set of information k>eing a group of transport 
linkoverhead which perfbmfisthefunctions specif k:tothe 
transmissfon link that a SONET VT-1.5 payload is tra- 
versir^. 

SimDarty, for the European context, this invention 
describes a framed format which is capak>le of transport- 
ing two sets of telecommunk^tions information sets. The 
first being an intact SONET/SDH VT-2mj-12. including 
the SONET/SDH VT-2mj-12 pointer and other 
SONET/SDH VT-2mJ-12 patti overhead bytes. This first 
setof information is the payload of the VT-2nil-12 trans- 
port format described in this patent specification and rep- 
resents the payfoad whfoh is intended to be delivered 
between the ends of the whole SONET/SDH VT-2mj- 
1 2 path. Again, this format exists in the art and the format 
rtseK is not ttie subject of this inventfon. This spec? teation 
does discfose and daim, witti respect to the existing 
SONET/SDH VT-2 format however, ttie insertion of this 
SONET/SDH VT-2mj-12 in the various bandwkfths 
shown herein. The second being a group of transport link 
overhead whfoh performs the functions spectfc to ttie 
transmission linkttiat a SONET/SDH VT-2 payload is tra- 
versing. 

This disclosure forttier descrbes in Rgs. 8a and 8b 
the location of a framing byte in each 125 microsecond 
frame. This exact framing t>yte may be different depend- 
ing on ttie speciffo digital transmission technology being 
used as ttie transport link. Specif k»lly, if a VT-1 .5 is being 
transported via a 2.048 Mbit El finK a known El fram- 
ing/CRC/signaling word may be sibstituted for ttie 
SONET A1 and A2 framing words. Similariy, if ttie VT-2 
is being transported via a 2.688 Mbit El link, ttie known 
El framing/CRC/Bignaling word may be sut>stituted for 
ttie SONET/SDH A1 and A2 framing vrards. Therefore, 
both the focation of the framing word(s) and ttie fact that 
there may be more tfian one framing word(s) pattern is 
encompassed by ttie claims of ttits invention. 

Rg. 9 shows an apparatus 42, accoiding to ttie 
present invention. The apparatus 42 is responsive to a 
VT-fsl/TU-M datastream on a line 44 provkled by a source 
46 of vr-N/TU-M payfoad information. It is also respon- 
sive to a VT-N/TU-M transport overhead datastreeim on 
a line 46 from a source 48 of VT-NTTU-M transport over- 
head information. Rnally, it is responsive to a transport 
technology frarreng bandwkfth function datastream on a 
line 48 from a source 50 of transport technology frannng 
bandwidtti fonctional information. 

The apparatus 42 comprises two elements in com- 
bination. tx)th of whk;h are responsive to the above-men- 
tioned datastream signals on the lines 44. 46. 48. A 
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means 52 monitors the signals on the lines 44. 46, 48 
and is used to control the order for transmission of said 
signals, for deciding a next data t>it to be output in the 
same manner as already descrit>ed in connection with 
Rg. 5. ft provides a decision signal on a line 54 to a 5 
means 56 which provides a next bit on a line 58 selected 
from among thedatastream signals on the lines 44, 46, 
48 according to the decision signal on the line 54. The 
signal on the line 58 is a VT-Nmj-M payload plus trans- 
port overhead plus transport framing bandwidth func- w 
tions data^eam signal similar to the signal on the line 
28 of Fig. 1. The means 56 thus performs the function 
desai>ed previously in connection with Rg. 5 as carried 
out in the steps 32, 34, 36. 

It should be realized that the order of the transmis- is 
sion of the components of the output datastream 58 may 
be modified or changed as a matter of design choice, 
and such changes are certainly within the scope of the 
present invention. 

Although the invention has been shown and 20 
desai>ed with respect to a best mode embodiment 
thereof, it should be understood t>y those skiDed in the 
art that the foregoing and various other changes, omis- 
sions and additions in the form and detail thereof may be 
made therein without departing from the spirit and scope 2s 
of the invention. 

Claims 



Apparatus, comprising: 30 

a first nrujlt^exer (1 8), responsive to a virtual 
tributary (VT) payload of size VT-N datastream sig- 
nal (1 6) and to a Vr-N transport link overhead signal 
(20), for providing a VT-N payload plus transport link 
overhead signal (22); and 35 

a second multiplexer (24), responsive to the 
VT-N payload plus transport fink overhead signal 
(22) and to a transport techndogy framing signal 
(26), for providing a VT-N payload plus transport link 
overhead plus transport technology framing signal 40 
(28). 



kbits, the transport technology is HDSL and the 
HDSL framing signal has a bandwidth of 32 kik)bits. 
and the VT-1 .5 p^k>ad phis transport link overhead 
plus HDSL framing signal has a binary bandwkfth of 
2.080 MbHs for transport on an HDSL line at a 2B/1 Q 
symbol rate of 1 .040 MbHs per second. 

6. The apparatus of daim 3, wherein the VT-1 .5 trans- 
port link overhead signal has a bandwidth of 192 
kbits, the transport technology is El and the El 
framing signal has a bandwidth of 128 kbits, and the 
VT-1 .5 payload plus transport link overhead plus El 
framing signal hasabinary bandwidth of 2.048 Mbits 
for transport on an El line at a ternary symbol rate 
of 2.048 Mbits per second. 

7. The apparatus of daim 1 , wh^ein the size VT-N is 
size VT-2mJ-12. 

8. The apparatus of daim 7. wrherein the VT-2mj-12 
datastream signal (16) has a bandwidth of 2.304 
Mbits. 

9. The apparatus of daim 8. wherein the VT-2mJ-1 2 
transport link overhead signal has a bandwkith of 
256 talobits, the transport techndogy is El and the 
El framing signal has a bandwidth of 128 kilobits, 
and the VT-2mJ-12 paytoad plus transport link over- 
head plus El framing signal has a binary bandwkith 
of 2.688 MbHs for transport on an El line at a ternary 
symbd rate of 2.048 MbHs per second. 

10. The apparatus of daim 8, wherein the VT-2mj-12 
transport link overhead signal has a bandwkith of 
256 kilobits, the transport technotogy is HDSL and 
the HDSL framing signal has a bandwkith of 32 kil- 
obHs. and the VT-2mJ-1 2 payload plus transport link 
overhead plus HDSL framing signal has a binary 
bandwkith of 2.592 MbHs for transport on an HDSL 
line at a 2B/1Q symbol rate of 1 .296 MbHs per sec- 
ond. 



2. The apparatus of daim 1. wherein the size VTN is 
size VT-1 .5. 

45 

3. The apparatus of daim 2. wherein the VT-1 .5 datast- 
ream signal (16) has a bandwkith of 1.728 MbHs: 

4. The apparatus of daim 3, wherein the VT-1 .5 trans- 
port link overhead signal has a bandwkith of 320 so 
kbAs, the transport technology is DS-1 and the DS- 

1 framing signal has a bandwkith of 8 kt>Hs, and the 
VT-1 .5 paytoad plus transport link ov&ttead plus DS- 
1 framing signal has a binary bandwkith of 2.056 
MbHsfortransportonaDS-1 lineatatemarysymbd 55 
rate of 1 .544 MbHs per second. 

5. The apparatus of daim 3, wtierein the VT-1 .5 trans- 
port link overhead signal has a bandwkith of 320 



11- A method, comprising the steps of: 

(a) determining a next data signal for transmis- 
sion as transport framing of a transport medium, 
transport overhead for a virtual tributary/tribu- 
tary unit (VT/TU) or a VT/TU payload signal; 

(b) provkiing the next data signal for transmis- 
sion determined in step (a); and 

(c) repeating steps (a) and (b) cydidy wherein 
a VT/TU plus transport overhead, plus transport 
framing is transnrvtted over the transport 
mecfium wHh transport overhead and transport 
framing. 

12. The method off daim 11, wherein a VT/TU payload 
signal corrprises a VT/TU of size N, saki method fur- 
ther corrprising the steps of: 
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(a) checking alignment of the VT/TU of size N 
with a frame tx}undary of the transport medium 
as indicated by the transport framing data sig- 
nal; 

(b) aligning the VT/TU of size N with the frame s 
boundary of the transport medium when mis- 
aRgned; and 

(c) repeating step (a) and (b) cydidy. 

13. Apparatus (42), comprising: io 

means (52). responsive to a VT-fsimi-M 
datastream (44). to a VT-t^/TU-M transport over- 
head datastream (46). and to a transport medium 
framing functions datastream (48). for providing a 
decision signal (54) indicative of a next bit to be out- is 
put on a transport medium; and 

n^eans (56), responsive to the VT-IWJ-M 
datastream (44). to the VTNmJ-M transport over- 
head datastream (46). and to the transport medium 
framing functions datastream (48), for providing a so 
VT-ISimJ-M payioad plus transport overhead plus 
transport framing functions datastream (58) for 
transport on the transport medium. 

14. The apparatus of daim 13. wtierein the size VT-N is ss 
sizeVT-1.5. 



19. The apparatus of daim 13, wherein the size VT-N is 
size VT-2mJ-12. 

2a The apparatus of daim 19. wherein the VT-2mj-1 2 
datastream (44) has a bandwidth of 2.304 Mbits. 

21 . The apparatus of daim 20. wherein the VT-2mj-1 2 
transport overhead datastream has a bandwidth of 
256 knobits, the transport medium is El and the El 
framing/CRC Signaling functions datastream has a 
bandwidth of 128 kilobits, and the VT-2mJ-12 pay- 
load plus transport overhead plus El framing func- 
tions datastream (58) has a binary bandwidth of 
2.688 Mbits for transport on the E1 medium at a ter- 
nary symbd rate of ^048 Mbits per second. 

22. The apparatus of daim 20. wherein the VT-2/TU-1 2 
transport overhead datastream has a bandwidth of 
256 kilobits, the transport medium is HDSL and the 
HDSL framing functions datastream has a band- 
width of 32 kilobits, and the VT-2mj-12 payioad plus 
transport overhead plus HDSL framing functions 
datastream (58) has a binary bandwidth of 2.592 
Mbits for transport on the HDSL medium at a 2B/1Q 
symbol rate of 1 .296 Mbrts per second. 



15. The apparatus of daim 14. wherein the VT-1.5 
datastream (44) has a bandwidth of 1.728 Mbits. 

16. The apparatus of daim 15, wherein the VT-1.5 trans- 
port overhead datastream has a bandwidth of 320 
kbits, the transport medium is DS-1 and the DS-1 
framing functk)ns datastream (58) has a bandwidth 
of 8 kbits, and the VT-1.5 payksad plus transport 
overhead plus DS-1 framlrig functk>ns datastream 
(58) has a binary bandwidth of 2.056 MbHs for trans- 
port on the DS-1 medium at a ternary symbol rate 
of 1.544 Mtxts per second. 

17. The apparatus of daim 15, wherein the VT-1.5 trans- 
port overhead datastream has a bandwkfth of 320 
kbits, the transport medium is HDSL and the HDSL 
framing functions datastream (58) has a bandwktth 
of 32 kilobits, and the VT-1 .5 payioad plus transport 
overhead plus HDSL framing functions datastream 
(58) has a binary bandwidth of 2.080 Mbits for trans- 
port on the HDSL medium at a 2B/1Q symbol note 
of 1.040 Mbrts per second. 

18. Theapparatusofdaim15,whereintheVT-1.5trans- 
port overhead datastream has a bandwidth of 192 
kt)its, the transport medium is El and the El framing 
functions datastream (58) has a bandwkfth of 128 
kbits, and the VT-1.5 payioad plus transport over- 
head plus El framing functkHis datastream (58) has 
a binary bandwidth of 2.048 Mbits for transport on 
the El medium at a ternary symbol rate of 2.048 
Mbits per second. 
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